Abstract It is unclear whether subclinical autistic traits at very young age are transient or stable, and have clinical relevance. This study investigated the relationship between early subclinical autistic traits and the occurrence of later developmental and behavioural problems as well as problems in cognitive and language functioning. Parents of infants aged 14-15 months from the general population completed the Early Screening of Autistic Traits Questionnaire (ESAT). Three groups of children with high, moderate, and low ESAT-scores (total n = 103) were selected. Follow-up assessments included the CBCL 1-5 at age 3 years, and the SCQ, the ADI-R, the ADOS-G, a non-verbal intelligence test, and language tests for comprehension and production at age 4-5 years. None of the children met criteria for autism spectrum disorder at follow-up. Children with high ESAT-scores at 14-15 months showed significantly more internalizing and externalizing problems at age 3 years and scored significantly lower on language tests at age 4-5 years than children with moderate or low ESAT-scores. Further, significantly more children with high ESAT-scores (14/26, 53.8%) than with moderate and low ESAT-scores (5/36, 13.9% and 1/41, 2.4%, respectively) were in the high-risk/clinical range on one or more outcome domains (autistic symptoms, behavioural problems, cognitive and language abilities). Subclinical autistic traits at 14-15 months predict later behavioural problems and delays in cognitive and language functioning rather than later ASD-diagnoses. The theoretical implications of the findings lie in the pivotal role of early social and communication skills for the development of self-regulation of emotions and impulses. The practical implications bear on the early recognition of children at risk for behavioural problems and for language and cognitive problems.
Introduction
Autism spectrum disorders (ASD) are neurodevelopmental disorders characterized by qualitative impairments in reciprocal social interactions and (non-)verbal communication, as well as by restricted, repetitive, and stereotyped patterns of behaviour, interests, and activities [4] . There is consensus about the disorders that comprise this spectrum, with autistic disorder, Asperger's disorder, and pervasive developmental disorder-not otherwise specified (PDD-NOS) as the most typical examples [44] . However, there is also a borderland between ASD and non-ASD in which individuals with subclinical autistic traits can be found. These are defined as traits which are similar to autistic symptoms, but which are milder and/or less in number, and below the diagnostic threshold for ASD. In this paper, we will focus on such subclinical autistic traits at age 14-15 months.
ASD have shown to be very stable over time in follow-up studies in clinical samples of various ages. However, diagnoses are less stable in children who are younger than 2 years of age, who are functioning on a relatively high level, and/or who show less or milder symptoms of ASD [20, 21] . It is also unclear whether subclinical autistic traits at very young age are transient or stable, and have clinical relevance. Given the increasing recognition of the importance of early diagnosis and treatment of ASD, there is a critical need to extend our knowledge about the early manifestations of subclinical autistic traits and use this in guiding our mental health care strategies towards early diagnosis and treatment, so that less severely affected children who are relatively easily trainable can benefit in the long term. Primary caregivers play a key role, because very young children are embedded in and dependent on the relationship with them in a natural environment [8, 21, 30, 45] .
Subclinical autistic traits in infants might be confused with problems in achieving milestones for social, communication, emotional, cognitive, and motor skills [46] . Since these developmental problems may resolve over time, similar transience may exist for subclinical autistic traits in infants. However, subclinical autistic traits at a very young age may also prove to be stable, evolving precursors of ASD which will become clinically manifest by 36 months or later. This is called homotypic continuity [17] and might apply particularly to children with Asperger's disorder or PDD-NOS who are relatively able and have fairly normal language skills. These children may go clinically unnoticed initially and will only draw attention of parents, teachers, and professionals later on when higher demands on reciprocal social interactions with peers are made [10, 27, 28, 43] .
A second possibility is that subclinical autistic traits at a very young age might be early indicators of non-ASD behavioural problems at a later age, which would be an example of heterotypic continuity [17] . Some children show (subclinical) symptoms of ASD as well as ADHD (attention-deficit/hyperactivity disorder), and therefore both diagnoses have to be considered [32, 35] . In addition, children with ASD are prone to have other co-morbid externalizing and internalizing behavioural problems, deficiencies in social skills, or psychiatric symptoms [18, 34, 36] .
A third possibility is that early subclinical autistic traits are predictors of later problems of cognitive functioning, i.e. intelligence and language. Several studies indicate that individuals with ASD have an unusual degree of unevenness in cognitive abilities, with in general lower verbal than performance IQ [23] . Children with ASD show a wider range of linguistic deficits than their normally developing peers [12, 22] . Cognitive and language abilities seem to be interrelated since non-verbal cognitive ability, joint-attention, imitation, and gestures are found to be concurrent predictors of receptive and expressive language in toddlers with ASD [26] .
This study was conducted to examine the relationship between early subclinical autistic traits and the occurrence of later developmental, behavioural, and cognitive problems. With this aim, we measured subclinical autistic traits of 14-to 15-month-old children in the general population using the Early Screening of Autistic Traits Questionnaire (ESAT) [15, 37] . We tested the hypotheses that children with high levels of autistic traits at age 14-15 months, in comparison with children with moderate and low levels of autistic traits, will (1) express more autistic symptoms and present with more ASD-diagnoses at age 4-5 years; (2) show more externalizing and internalizing behavioural problems at age 3 years; and (3) have more cognitive and language problems at age 4-5 years.
Methods

Procedure
The design and study procedures were approved by the Medical Ethical Committee of University Utrecht Medical Centre. Parents of all children from a total population birth cohort with children born between August 2000 and August 2001 in the province of Utrecht in The Netherlands, were approached through an inoculation organization with the request to complete the ESAT (see further for details) when their child was 14 months old. Children with certain ESAT-scores were selected for the present study. Their parents received written and oral information about the study and signed informed consent. Various instruments were used to assess the development and behaviour of a child over time (Table 1) . Parents were asked to fill in behavioural questionnaires at two time points and to participate in a home-visit at age 4-5 years. The visits, which were performed by child psychologists who were blind for the ESAT-score of the child, included an interview and an observation as well as a cognitive assessment focusing on non-verbal intelligence and language development.
Participants
The distribution of the ESAT-scores of the children in the population (n = 4,107) was as follows: 2,840 (69.2%) scored 0, 1,048 (25.5%) scored 1, and 219 (5.3%) scored 2 or more. The selection procedure of children from the lowand moderate-scoring groups was straightforward. These groups were relatively large and therefore children were randomly selected. We approached 72 low-and 55 moderate-scoring children. In the high-scoring group the selection procedure was more complicated. First, we excluded two children with severe multiple handicaps (0.9%), three children with an already known clinical ASD-diagnosis (1.4%), and 25 children who participated in ADHD-or ODD-research projects performed by other researchers (11.4%). A total number of 189 high-scoring children remained (86.3%). Then, we made a weighted selection, as follows. We started to invite all children with ESAT-scores of 3 or more (n = 30) and their parents. Later on, we invited a random selection of children with ESATscores of 2 (n = 19) and their parents. However, not all families could be reached or were willing to participate. Finally, 103 children and their parents participated (58.5% of 176 families approached): 39.8% with low ESAT-scores (n = 41, 26 boys, 15 girls), 35 .0% with moderate ESATscores (n = 36, 20 boys, 16 girls), and 25.2% with high ESAT-scores (n = 26, 15 boys, 11 girls). The sizes of the scoring groups were determined by constraints in time and money given the investment in the follow-up assessments. The flow chart is represented in Fig. 1 .
At the start of the research, the age of the children was 14-15 months (M = 14.5 months, SD = 1.9 months). Followup took place around age 3 years (M = 37.8 months, SD = 3.5 months) and between age 4 and 5 years (M = 53.0 months, SD = 5.0 months). During the first two measurements the groups did not differ in age, but at the time of the home-visit the children in the high-scoring group were significantly older than the other children (p \ 0.001). There were no significant sex differences between the groups.
Instruments
Autistic traits
Autistic traits around age 14 months were measured with the ESAT. The ESAT includes 14 items which are based on early symptoms of autism and which cover the domains of social-communication skills, stereotyped behaviour, reactions to sensory stimuli, and play. Some examples are ''Does your child show interest in other children and adults?'', ''Is the behaviour of your child free from stereotyped repetitive movements?'', ''Does your child respond normally to sensory stimuli?'', ''Can your child play with toys or objects in varied ways?'' Each item has a dichotomous answer (''yes'' or ''no'') [15, 37] . Originally, the ESAT was developed as a screening tool for ASD in which a score of 3 or more reflects a positive screen, but in our study we used the ESAT as a measure of subclinical autistic traits.
Autistic traits at age 4-5 years were measured with the Social Communication Questionnaire (SCQ) [6] . It consists of 40 items with ''yes'' and ''no'' answers. Typical behaviour is scored as 0, whereas the absence of normal behaviour or the presence of abnormal behaviour is rated as 1. The official cut-off for ASD is fixed at 15, but for younger children a lower cut-off of 11 seems to be more accurate [3, 13] . Since we focused on children aged 4-5 years we preferred the latter one, and we considered scores of 11 and above as clinically significant.
The Autism Diagnostic Interview-Revised (ADI-R) [25] and the Autism Diagnostic Observation Schedule-Generic (ADOS-G) [24] were further used to assess symptoms of autism at age 4-5 years. Because of risk estimation and time efficiency, the ADOS-G was only coded for children in the high-scoring group.
Behavioural problems
Behavioural problems at age 14-15 months were measured by a part of the Utrecht Screening Questionnaire (USQ) ADI-R 9 ADOS-G 9
Behavioural problems CBCL 1-5 9
Cognitive functioning SON-R 2-7 9
ESAT early screening of autistic traits questionnaire, SCQ social communication questionnaire, ADI-R autism diagnostic interview-revised, ADOS-G autism diagnostic observation schedule-generic, CBCL 1-5 child behaviour checklist 1-5; SON-R 2-7 Snijders-Oomen nonverbal intelligence test 2-7, RTB Reynell test for language comprehension, STP Schlichting test for language production a mean age and standard deviation in months [5] . We used 60 items regarding externalizing behaviour, internalizing behaviour, and social-communication problems with answers on a three-point Likert-scale (0-1-2) to compute a mean total score. A higher score points at more problematic behaviour. Behavioural problems at age 3 years were measured with the Dutch version of the Child Behavior CheckList 1-5 (CBCL 1-5) [1, 42] . This is a questionnaire consisting of 100 items with answers on a three-point Likertscale (0-1-2), that reveals information about various externalizing and internalizing problems. Children with scores in the clinical range are at high risk for developing or experiencing serious behavioural problems.
Cognitive abilities
The child's level of non-verbal intelligence at age 4-5 years was assessed with the Dutch Snijders-Oomen Niet-verbale intelligentietest 2-7 (Snijders-Oomen Nonverbal intelligence test 2-7; SON-R 2-7) [38] . This test contains six subtests, which belong either to the performance scale (mosaics, puzzles, patterns) or to the reasoning scale (categories, analogies, situations). For both scales as well as for the total score, IQ-scores with a mean of 100 and a standard deviation of 15 can be computed.
The child's language abilities at age 4-5 years were examined with two Dutch language tests. The Reynell Test voor Taalbegrip (Reynell Test for Language Comprehension; RTB) [41] measures the level of passive language comprehension. It is built up of 12 sections increasing in complexity and difficulty. The Schlichting Test voor Taalproductie (Schlichting Test for Language Production; STP) [33] measures the level of active language production. It consists of three subtests, namely sentence development, word development, and auditory memory. The results are given in standardized IQ-scores.
Statistical analyses
First, we explored the possibilities of generalization of characteristics from high-scoring children included in our sample (n = 26). Therefore, we compared the scores of these children with those of high-scoring children not included in our sample (n = 193). We used an independent samples t-test to compare the mean total scores of behavioural problems (USQ) at age 14-15 months of both groups. Further, we analyzed on which particular ESATitems the high-scoring children failed, and we computed Pearson correlation coefficients between their ESAT-scores and their scores on the five outcome measures. For measures regarding autistic traits (SCQ) and behavioural problems (CBCL 1-5) mean sum scores were calculated on the basis of raw scores. For the measures concerning cognitive abilities (SON-R 2-7, RTB, STP) mean standardized IQ-scores were assessed.
Univariate analyses of variance on various levels (total, domain/scale, item) were used to compare the scores on the outcome measures of the three groups with high (n = 26), moderate (n = 36), and low (n = 41) ESAT-scores, followed by Bonferroni post hoc tests to examine which group scores differed significantly. The analyses were performed with and without age as covariate, but the results were comparable, so we only report the latter ones.
To assess the magnitude of the group differences in mean raw and IQ-scores, we established effect sizes (Cohen's d). Values of 0.20, 0.50, and 0.80 indicate small, moderate, and large effects, respectively [11] . d a refers to effect sizes regarding the high-and moderate-scoring groups, whereas d b refers to effect sizes regarding the highand low-scoring groups. The level of significance was defined as p B 0.05.
Furthermore, we determined how many children scored in the clinical range on the SCQ, CBCL 1-5, and intelligence and language tests, not only for the whole group but also for each scoring group separately by means of crosstabs. The statistical software package SPSS 14.0 was used for all analyses.
Results
High-scoring group
The mean total score of behavioural problems (USQ) of the high-scoring group included (M = 33.42) and the highscoring group not included (M = 29.46) were compared. The two groups did not differ significantly from each other (t = -1.639, df = 217, p = 0.103). This implies that there is no reason to suspect that the results of the relatively small high-scoring group included in our sample cannot be generalized to a larger group of children with high ESATscores.
Children from the high-scoring group had high scores and thus failed on various ESAT-items. Two items were most striking, because more than 50% of the children had a deviating score. Many children do not always ask for attention when being alone or make stereotypic movements regularly. In this group, some deficits in early skills seem to be related to later problems. Two significant correlations between ESAT-scores and mean total scores on outcome measures were found. Children who have difficulties in expressing their emotions properly at age 14-15 months have a higher risk of experiencing behavioural problems (CBCL 1-5, r = 0.505, p = 0.008) at age 3 years. Children who cannot make eye-contact easily at age 14-15 months obtain lower scores on measures of language comprehension (RTB, r = -0.557, p = 0.004) and production (STP, r = -0.589, p = 0.002) at age 4-5 years.
Autistic traits and symptoms
The SCQ was rated separately by both parents of each child. Later on, the father (97/103, 94.2%) and mother (99/103, 96.1%) ratings of the SCQ were averaged per child (n = 97). These mean scores were used in further analyses. At the group level, a small Pearson correlation coefficient (r = 0.21) was found between the total ESATscore at age 14-15 months and the total SCQ-score at age 4-5 years. Comparisons of the SCQ mean total, domain, and factor scores of the three groups did not reveal significant differences. However, the total SCQ-score Table 2 gives an overview of the main results. Moreover, significant differences and moderate to large effect sizes were found on 26 items (results available upon request). Bonferroni post hoc tests made clear that children from the high-scoring group experienced more behavioural problems than children from the other groups.
Regarding intelligence, the mean scores, standard deviations, and group differences of the non-verbal intelligence test are given in Table 3 . The univariate analyses of the SON-R 2-7 did not reveal significant group differences at the level of the total score and the performance and reasoning scales. A significant difference [F(2, 100) = 3.48, p = 0.034, d a = -0.58] was only found on the subtest ''situations'', which measures insight in mutual and meaningful relations between persons, objects, space and time in concrete situations. Children from the high-scoring group had lower mean scores and experienced more difficulties in interpreting situations than children from the moderate-scoring group.
Regarding language, the univariate analysis of the RTB total score, the STP total score, and the subtests ''sentence development'' and ''word development'' showed significant differences between groups ( Table 3 ). The Bonferroni post hoc tests demonstrated that children from the highscoring group had significantly lower mean scores on the RTB than children from the moderate-and low-scoring groups (d a = -0.59; d b = -0.78). With respect to the STP, we noticed that the high-scoring group had the worst scores and that the low-scoring group had the best scores for the total test (d b = -0.87) as well as for the subtests ''sentence development'' (d b = -0.76) and ''word development'' (d b = -0.86). The moderate-scoring group performed in between. This implies that children from the high-scoring group had relatively more problems in language comprehension and production (sentence and word development) than children from the other groups.
Clinical range
None of the children reached the cut-off for ASD on the ADI-R or ADOS-G. On the SCQ, none of the children scored above the general cut-off of 15. However, there were eight children who reached the cut-off of 11, and who thus scored in the clinical range for young children: one in the low-scoring group, three in the moderate-scoring group, and four in the high-scoring group. On the CBCL 1-5 at age 3 years, seven children (one from the moderate-scoring group and six from the high-scoring group) had a total score in the clinical range. On the SON-R 2-7, five children, two of whom belonged to the moderate-scoring group and three to the high-scoring group, had a total IQ-score below 85. On the RTB, eight children (one in the moderate-scoring group and seven in the high-scoring group) had an IQ-score below 85, and on the STP, seven children (one in the moderate-scoring group and six in the high-scoring group) had an IQ-score below 85. In total, 20 children (19.4% of 103) had scores in the clinical range on one or more outcome domains. Most of them (n = 15) scored in the clinical range on only one domain, but some (n = 5) were in the clinical range on two domains. No child scored on all three domains. Proportionally, a significantly higher number of children from the high-scoring group (14/26, 53.8%) showed scores in the clinical range in comparison with children from the moderate-and low-scoring groups (5/36, 13.9% and 1/41, 2.4%, respectively; Chi-Square test v 2 = 27.953, df = 2, p \ 0.001). Additional results are represented visually in a bar chart (Fig. 2) .
Discussion
This study was developed to examine the predictive value of subclinical autistic traits at age 14-15 months for (1) ASD-symptoms, (2) non-ASD behavioural problems, and (3) cognitive functioning 2-4 years later. We sampled children with high, moderate, and low scores on autistic traits from the general population and excluded children who already had been diagnosed with ASD at an early age because our study focused on children with subclinical autistic traits only.
The children with abnormal scores who are included in the high-scoring group seem to be representative of all children with high ESAT-scores. Therefore, there is no reason to suspect that the results of our high-scoring group cannot be generalized. The children failed on various ESAT-items. More than 50% of the children had a deviating score on the items ''asking attention'' and ''stereotypic movements''. Some deficits in early skills seem to be related to later problems. Difficulties in expressing emotions at age 14-15 months may be predictive of behavioural problems (CBCL 1-5) at age 3 years. Inadequate eye-contact at age 14-15 months may be a precursor of delays in language comprehension (RTB) and production (STP) at age 4-5 years.
We were unable to find support for our first hypothesis that predicted subclinical autistic traits at age 14-15 months to be homotypic precursors for ASD at age 4-5 years. None Table 3 Means, standard deviations, and group differences of non-verbal intelligence (SON-R 2-7) , language comprehension (RTB), and language production (STP) as measured at age 4-5 years by scoring group (n = 103) ESAT-score (group) of the children satisfied the criteria for a clinical ASDdiagnosis based on the ADI-R or ADOS-G. However, children from the high-scoring ESAT-group scored somewhat higher on the SCQ as a whole and on the domain ''social interaction'', and scored significantly higher on the items ''abnormal eye contact'' and ''unusual sensory interests'' than children from the moderate-and low-scoring ESAT-groups. Nevertheless, our results indicate that there is hardly any continuity of parent-reported early subclinical autistic traits measured with the ESAT at age 14-15 months and similar autistic traits measured with the SCQ at age 4-5 years. Whereas few children from the high-scoring ESAT-group did present with clinical scores (SCQ 11 and above) at age 4-5 years, the majority had SCQ-scores below the cut-off of 11. Further, some children from the moderate-and low-scoring ESAT-groups reached SCQscores equal to or higher than 11. These findings are in contrast with the numerous data pointing to rather strong continuity over time of ASD-conditions reaching the level of clinical severity [20, 21] . Obviously, clinical severity is closely linked with persistence over time. This may be explained by the fact that greater clinical severity of ASD has been found to be related to a more abnormal early development and functioning of the brain, which in turn may be the driving force affecting the further development of cognitive, language, communicative, social, and emotional functions [2, 14] . We found more support for our second hypothesis that predicted subclinical autistic traits to show heterotypic continuity with later externalizing and internalizing behavioural problems. Our results showed that children from the high-scoring ESAT-group had significantly more externalizing and internalizing behavioural problems than children from the other groups at age 3 years. On the individual level, seven children, of whom six belonged to the high-scoring group, had a total-CBCL-score in the clinical range. Early subclinical autistic traits thus seem to be precursors of serious behavioural problems 2 years later. They seem to reflect a more global risk that does not differentiate between externalizing and internalizing types of problems. Mastery of early social and communicative skills may be closely linked with the development of selfregulation and be pivotal for the proper development of other functions. Contrariwise, poor ability to control and regulate activity, impulses, and emotions may pave the way to later externalizing and internalizing behavioural problems [17, 19, 29, 31] .
With the third hypothesis we investigated the relation between subclinical autistic traits at age 14-15 months and cognitive and language abilities at age 4-5 years. In contrast to our expectations, we did not find differences between the ESAT-groups in levels of non-verbal intelligence (SON-R 2-7), except for the subtest ''situations''. This means that children from the high-scoring ESATgroup, who have an average total IQ-score, perform well overall, but that they are less able to interpret the logical coherence of (social) situations than children from the moderate-scoring ESAT-group. We were also unable to find an unusual degree of unevenness in cognitive abilities often seen in children with ASD [23] , although early subclinical autistic traits were associated with significantly lower levels of language comprehension (RTB) and production (STP) at age 4-5 years. However, significantly more children from the high-scoring ESAT-group than from the other groups had a non-verbal IQ and/or language comprehension and production scores below 85. Our results thus indicate that early subclinical autistic traits are precursors or early manifestations of later cognitive and language problems. This fits with recent findings in a general population sample study in Norway in which parents of infants with high ESAT-scores also report more communication and language problems at the age of 18 months [7] . Since the ESAT does not comprise items regarding language, this reflects the close link between early social and communication skills measured with the ESAT and the development of language and cognition. Similar results were found in two other longitudinal studies focusing on predictors of language acquisition and communication development in young children with ASD [39, 40] .
Together, these findings demonstrate that early autistic traits are precursors of or risk factors for especially externalizing and internalizing behavioural problems and/or cognitive and language problems at age 3-5 years. More than 50% of the children in the high-scoring ESAT-group suffer from problems in one or two outcome domains. Though these problems are not well marked clinically, these children can be considered to be at high risk for failing to establish adequate levels of psychosocial functioning and for developing psychiatric disorders. Children with Asperger's disorder or PDD-NOS are unlikely to show enough symptoms early on to be picked up. A followup of this sample may reveal valuable information about the course of development and behaviour in middle childhood. Therefore, we intend to contact the parents in the near future, and to inquire about the child's present level of functioning in various domains, as well as possible current problems, diagnosis, and treatment.
Our study has some limitations, such as the modest sample size, as well as the use of various measures of autistic symptoms, behavioural problems, cognition, and language at different ages. However, it is not feasible to use exactly the same measures in children as young as 14-15 months to relatively 'old' 4-to 5-year-olds. Therefore, we chose to use measures which were most suitable for these domains at a particular age. Another limitation is the shortage of validated parental questionnaires for assessing autistic traits around age 4-5 years. The SCQ might be less suitable for detecting subtle problems in higher functioning and/or younger children in general populations than for determining severe problems in lower functioning and/or older children in high-risk populations [3, 9, 13, 16] . The strength of this project is the use of a longitudinal design in a sample drawn from the general population.
Conclusion
The implications of our findings lie in the early recognition of cognitive and language problems and/or behavioural problems rather than in the early detection of ASD.
Further research is needed to study young children with subclinical autistic traits and to learn more about the neurobiological, cognitive, and behavioural mechanisms that determine their development. Clinicians working with young children who show developmental and/or behavioural problems should be cautious in diagnosing ASD, because (subclinical) autistic traits and related diagnostic labels of ASD are not reliably predictive at that age. The long-term stability of these traits is questionable, unless symptoms are convincing. However, it is important to recognize the presence of subclinical autistic traits and to consider them as red flags which require referral to a specialist for early diagnosis and treatment, because these traits might point at other behavioural and/or cognitive and language problems. This is especially true when parents have clinical concerns or worries. Early intervention offers opportunities to improve behaviour and development, and to prevent the appearance and escalation of problems at a later age. Clinicians should communicate this clearly to parents and should emphasize the importance of follow-up evaluation because diagnosis (if any) will become clearer as their child grows older [8, 21, 30, 45] .
